Total mercury (T-Hg) 
INTRODUCTION
Skin lightening creams and soaps containing mercury manufactured in Europe is a multibillion-dollar industry, which is used for lightening skin, making the black skin light coloured. The products have colourful names, which associate royalty, romance and even religion with a white or pale skin, but many contain harmful chemicals like mercury and hydroquinone (BBC News, 2004) . Following recent studies in Southern Africa (EGAJ 1996 , Glahder et al 1999 , Harada et al. 1999 , Lindsey et al 1999 , Lema 2002 experts concluded that women using such skin lightening products are thrilled with the results at first, but then red blotches appear, followed by dark blotches. Despite these effects and efforts by the Government of the United Republic of Tanzania to ban them in 1996, by series of Acts (Pharmaceuticals & Poisoning Act 1978, Tanzania Food, Drugs and Cosmetics Act 2003) more and more women in towns and cities are still using the products.
Following the WHO (1989 WHO ( , 1990 WHO ( and 1991 the recommended values of mercury in cosmetics is less than 1 ppm and in human hair less than 2 ppm. Values exceeding 10 ppm are a risk for pregnant women and children (US, EPA 2001, Agency for Toxic Substances and Disease Registry 1999, Harada et al. 2001 , Lauwerys et al. 1978 , WHO 1990 , WHO 1991 , Bonnie et. al. 1987 . Analysis of different three imported soaps and two creams (Glahder et al 1999) bought in Tanzanian shops have indicated high mercury levels in soaps, with values of 6900 mg/kg equivalent to 6900 ppm for Ricco -powerful germicidal soap; 6200 mg/kg (or ppm) for Jaribu Gold Kwanza antiseptic soap; and 7000 mg/kg for Jambo 1 st choice soap have been reported. The values of creams were < 7 mg/kg for both Movate Super Clear complexion crème and Dear Heart Complete skin lightening treatment cream. Most of the cosmetic products are advertised as skin lightening products that are 'medicated' or 'antiseptic' offering false medicinal signatures (Lindsey et al. 1999 ).
Similar studies conducted by Earth Greener Activities Japan (1996) in the Lake Victoria Gold Field showed a high level of total mercury in hair up to 474 ppm in non-miner women who have a habit of using beauty soaps containing a substantial amount of mercury.
Despite the efforts of Tanzania Food and Drugs Authority to ban number of toxic mercury bearing creams and soaps (Nipashe 2004) , the number of women cosmetic users remains unchanged. Women users end up having legs pitted with tiny scars, uneven blotch skin due to skin-whitening creams (Villanacci 1996) .
The study conducted in 2001 -2003 in the city of Dar es Salaam, Tanzania consequently compares the total mercury content in cosmetic creams, soaps and their relationship to accumulation to human hairs.
MATERIALS, METHODS AND EQUIPMENT
Materials that were used in the study included replicate samples of 40 human hair taken from students, civil service servants and business people, distributed into 20 cosmetic users and 20 non-cosmetic users; 30 different brands of cosmetic soaps, and 30 different brands of cosmetic creams. All sampled people were interviewed following a standardized questionnaire that elicited information about their use of skin lightening creams and soaps, particular attention being paid to the nature of the cosmetics applied and the duration of their use. These samples were collected randomly from customers of local barbershops and hair salons in the District of Kinondoni, Dar es Salaam. Hair was chosen as a biological indicator because it contains 250 -300 times more mercury than blood, which makes analysis for mercury easier (WHO, 1991) . All hair samples were cut close to the scalp into pieces of about 1 cm in length.
Samples of cream and soap were purchased from different retail shops in Dar es Salaam based on items that were listed down by the sampled people in the questionnaires. All samples were stored according to type in polythene bags. Analysis of these samples was done at the Chief Government Chemist Laboratory in Dar es Salaam. The equipment used for total mercury determination was an Atomic Absorption Spectrophotometer, Unicam 939/959 model. The detection limit for the T-Hg was 0.001 ppm.
RESULTS
Total Mercury (T-Hg) content in the scalp hair in Dar es Salaam According to the questionnaire information gathered, the practice of skin lightening was mainly common among females of all walks of life, with different ages and different social backgrounds. Hair samples obtained from 20 Tanzanian females using either skin lightening cosmetic creams or soaps showed that 85% were above 15 years and the rest were under 15 years old. In this study, all persons had been exposed to mercury through the use of different types of skin lightening creams and soaps containing substantial amount of mercury. The mean values ranged from 7 ± 0.4 to 880 ± 12 ppm. All subjects showed a high mean THg content in their hair exceeding the permissible levels of 2 ppm set by WHO.
Concentrations of mercury in hairs of students are shown in Table 1 . They ranged from 7 to 68 ppm. The results of the concentrations of the metal in women working in offices and those doing various businesses are shown in Table 2 . The concentration seemed to increase with age and ranged from 92 ppm for a 27 year office woman to 880 ppm for a 31 year office woman.
Other groups, indicated that nurses are among the least affected group, followed by hotel attendants. Remarkably, hair saloon attendants have high-elevated levels of mercury -a case of 18 year young woman which showed a Hg-concentration levels of more than 300 ppm. In general the results showed that T-Hg levels in hair samples differed markedly among females with different occupations, as presented in Figure 1 .
Average T-Hg levels were lowest in students (average age of 17) where subjects had average T-Hg concentration of 38.4 ppm. Nurses (average age of 28.5) had average THg concentration of 66.6 ppm, which was approximately 1.7 times the level in student subjects. Hotel attendants (average age of 25) had average T-Hg concentration of 273 ppm, which was 7.1 times the average in students. Businesswomen (average age of 30.2) had average T-Hg concentration of 332 ppm, which was approximately 8.6 times the level in students. Office workers (average age of 28.8) had average T-Hg level of 404 ppm, which was approximately 10.5 times the level in students. Average T-Hg was highest in females working in hair saloons (average age of 22) where subjects had average T-Hg concentration of 460 ppm, which was 12 times the level in students.
Usage of skin lightening cosmetics depends on the nature of the job, for example females who work in hair saloons are more influenced to use cosmetics due to their availability in their working places. Mercury concentration from non-cosmetic users is generally low. The mean T-Hg concentrations (ppm) in the hair of noncosmetic users, of both males and females, ranged from 0.57 ± 0.07 to 8.29 ± 1.22 (Table 3 ). The results show that females had more T-Hg concentration in their hair as compared to the males. For instance, the average mercury levels were high in female workers with a mean T-Hg concentration of 4.56 ppm and low in male workers with a mean T-Hg level of 1.29 ppm. Among the students, the average T-Hg concentration in hair was higher in females than in the male subjects with a mean T-Hg level of 2.53 ppm and 1.43 ppm respectively. The high T-Hg level in female subjects could be attributed to the fact that females use other types of cosmetics other than creams and soaps, which may contain mercury.
Some mercury was found in normal individuals not known to have been exposed to the metal. The source of mercury could be due to natural mercury emanations, which can easily enter human body through food chain and accumulated in hair and other organs.
T-Hg in soap samples
Among the samples of soap analysed, about 20 % of the samples, namely Clear Essence from USA, Ikb, Mililo, Skin Success and Ultra both from UK and Protex from Kenya, were free from mercury. One soap sample, Shabba, which did not, indicated the manufacturer or country of origin had mercury content of 0.11 ± 0.03 ppm. The rest, showed a very high T-Hg content exceeding the maximum WHO permissible limit of 1 ppm, which can be divided into three groups. The first group contains mercury levels below 100 ppm, which included Niuma (Spain) 2.32 ± 0.60 ppm; Dove soap (Lever Brothers SA) 2.70 ± 0.12 ppm; Murphy's Oil Soap (no indication of country of origin) 12.0 ± 2.8 ppm; Soft Scrub (no indication of country of origin) 13.0 ± 2.3 ppm; Top lemon plus (no indication of country of origin) 17.04 ± 4.9 ppm; Princes (Princess products Ltd) 30.8 ± 5.4 ppm; Rico lemon fresh (Rico Skin care Ltd.) 87.5 ± 2.5 ppm and Sukisa Bango (Check park Ltd. UK) 99.9 ± 8.0 ppm.
The second major category consists of soap products with Hg-content varying from 100 to 1000 ppm. These were Jambo Binti (Jambo products) 109.4 ± 8.5; Pimplex (Kenya) 127.4 ± 3.7 ppm; Top (Spain)
171.9 ± 8.1; Miki (C & C International, UK) 255.2 ± 5.2 ppm; Rico medicated (Skin care Ltd. UK) 270.0 ± 5.8 ppm and Crusader Safety (UK) 271.9 ± 6.8 ppm.
The last category consists of soap samples with mercury levels above 1000 ppm, which included Amira green (England) 1107 ± 13 ppm; Asepso (Not indicated) 2060 ± 15 ppm; Derma Scrub (Not indicated) 5000 ± 10 ppm; Jaribu Kwanza (UK) 5310 ± 30 ppm; Mekako (Americ Enterp. Ltd. Dubai) 5700 ± 10 ppm; Amira Blue (UK) 5880 ± 20 ppm; Tura Medicated (Tura International Ltd. UK) 6560 ± 10 ppm; Dear heart (USA) 8100 ± 30 ppm and Movate Esapharma, (Italy) 8665 ± 15 ppm.
T-Hg in cosmetic creams
All the cream samples collected did not show any declaration on the packaging that they contain mercury or mercury complexes. Nonetheless on analysis only 36.6 % showed to contain no detectable mercury content, which was in agreement with the specification on the packaging. These were Clearessence (USA), Crusader (EIL, Ltd. 
DISCUSSIONS
Traces of mercury were found in individuals not known to be exposed to the metal, which accounts for natural mercury in environment, which can easily enter the food web and bio-accumulate in human hair. THg concentrations in cosmetic creams were low, as compared to the T-Hg concentration range found in cosmetic soaps. The results agree well with those of Glahder et al. (1999) of which there were no mercury found in cosmetics but in soaps.
On average, the mean T-Hg concentrations in the 13 non-cosmetic male users ranged from 0.57 ± 0.07 to 1.9 ± 0.2 ppm while the mean T-Hg concentrations in the 7 noncosmetic female users were higher, ranging from 1.75 ± 0.21 to 3.13 ppm. Ohno et al. (1984) and Harada et al. (1999) found that the average upper limit of T-Hg level in normal hair is 10 ppm. The same results were also observed during in this study, which were below 10 ppm T-Hg concentration in the hair samples for noncosmetic users in the City of Dar es Salaam.
The low values of mercury concentration found in mercury non-users are due to natural mercury found in the environment. In addition, eminent mercury concentration found in non-users can also be originated from the remainder of mercury in soaps, which goes with the wastewater into the environment and back to human beings.
The results on contents of T-Hg in women hair that use mercurial crèmes and soaps are particularly high and sufficient to cause adverse health effects to humans. A concentration of 50 ppm of T-Hg in human hair is a lower critical level of minamata disease (Harada et al. 1999) , which was observed in all women using creams containing mercury in the city of Dar es Salaam, Tanzania. All hair samples collected during the study contained different amounts of mercury within the concentration range of 0.11 to 8665 ± 10 ppm. Most of these T-Hg concentrations are much higher than the maximum permissible level for Tanzania and WHO norms, 2 ppm. UN reported that a woman who used cosmetic soap containing mercury had up to 400 times more mercury in the blood than non-users of such soaps (WHO 1991 
